Introduction {#S001}
============

The white wagtail (*Motacilla alba*) has a widespread breeding distribution, expanding across most of Eurasia, including western Alaska and southeastern Greenland. Over this range, nine to 13 subspecies have been recognized, based on extensive geographic variation in morphological and genetic characteristics (Cramp [@CIT0006]; Snow and Perrins [@CIT0034]; Alström et al. [@CIT0002]; Pavlova et al. [@CIT0027]). Variation exists in the color of the back (Vaurie [@CIT0038]) and the head plumage patterns of breeding males (Cramp [@CIT0006]), as well as in the genetic relationships among different subspecies (Pavlova et al. [@CIT0027]).

To date, four subspecies of *M. alba* groups in East Asia have been recognized based on morphological and genetic characteristics (Alström et al. [@CIT0002]; Gill and Donsker [@CIT0009]). Two of these subspecies, *M. a. leucopsis* (Amur Wagtail) and *M. a. lugens* (Black-backed Wagtail), were initially classified as the same group members (Vaurie [@CIT0038]) and then classified into different groups (Cramp [@CIT0006]; Sangster et al. [@CIT0030]; Pavlova et al. [@CIT0027]). Furthermore, based on the genetic relationships of mitochondrial and/or nuclear DNA sequences, these two subspecies have been, again, classified as the same group (Pavlova et al. [@CIT0027]) and classified as different group (Ödeen and Alström [@CIT0023]; Alström et al. [@CIT0002]). These results show lack of congruence with respect to the morphological and genetic patterns for the taxonomic status of the two subspecies.

Based on the morphological characteristics, one or two races are suggested to be considered as distinct species, in particular, the Black-backed Wagtail (Sætre et al. [@CIT0031]; Stepanyan [@CIT0037]). The Black-backed Wagtail was once regarded as a separate species from the white wagtail complex, mainly because of limited hybridization in Kamchatka and southern Ussuriland (Nazarenko [@CIT0020]; Stepanyan [@CIT0035], [@CIT0036]; AOU [@CIT0003], [@CIT0004]). Nazarenko ([@CIT0020]) found that hybrids of Amur Wagtails × Black-backed Wagtails were rare, and less viable than pure parental pairs, and that there were differences between the subspecies in the timing of breeding and habitat used for breeding. However, hybrids of Amur Wagtails × Black-backed Wagtails have begun to be observed in some places of southern Japan, due to the breeding range expansion of the Black-backed Wagtails (Okayama [@CIT0024]). With these hybrids, other molecular data has led to the Black-backed Wagtail back again being officially grouped with the white wagtail by the American Ornithologists' Union (Banks et al. [@CIT0005]). While this phenomenon is not an issue at the species level, it makes the subspecies status unclear. Alström et al. ([@CIT0002]) showed the Amur Wagtail on a DNA tree as belonging to different branches or clades based on adult male plumage, and suggested the need to clarify the relationship of the Amur wagtail with other subspecies.

In Korea, Amur Wagtails are common summer breeders, whereas Black-backed Wagtails are winter visitors (Lee et al. [@CIT0016]). In particular, based on the National Natural Environment Survey by the Ministry of Environment in 2001, only six to 10 Amur Wagtails were observed in July 2001, and just two to five Black-backed Wagtails were observed in October 2001, on Ulleung Island, Gyeongbuk Province, in the East Sea of Korea (Kim and Nam [@CIT0014]). Recently, a study reported more than three interbreeding pairs of these two subspecies on the island (Park et al. [@CIT0026]). However, there is no information on whether the two taxa produce viable and fertile offspring, or about their pairing patterns.

Thus, to elucidate the breeding biology of Amur Wagtails and Black-backed Wagtails, we examined the proportions of breeding pairs and their reproductive performance on Ulleung Island. Specifically, we investigated the timing of breeding, pair composition, nest site selection, clutch size, length of incubation, nestling periods, and breeding success, and attempted to reveal the current taxonomic status as well as relationship between subspecies. By estimating the level of hybridization between these two subspecies, we expect to provide baseline information on the taxonomic status of the two subspecies, as well as the process of species formation.

Materials and methods {#S002}
=====================

Study area and species {#S002-S2001}
----------------------

The study was conducted on Ulleung Island (37°30′N, 131°52′E), which is located 120 km east of the Korean Peninsula ([Figure 1](#F0001){ref-type="fig"}). The island is 12 km long, 9--10 km wide, and has an area of 72.9 km^2^. The climate of this island is classified as 'humid subtropical climate' with an average annual temperature of 12.4°C and precipitation of 1383.4 mm (1981--2010; Korea Meteorological Administration [@CIT0015]). Surveys of nests were mainly made along shoreline roads and along six streams on the west (TH; Teaha stream), southwest (NS; Namseo stream, NY; Namyang stream), southeast (SD; Sadong stream, OC: Oc stream), and east (JD; Judong stream) sides of the island. Figure 1.Location of Ulleung Island (encircled) on the Korean Peninsula and the six main breeding sites following streams, which were studied in 2012--2013. TH; Teaha stream (4 pairs), NS; Namseo stream (3 pairs), NY; Namyang stream (1 pair), SD; Sadong stream (3 pairs), OC: Oc stream (4 pairs), and JD; Judong stream (4 pairs).

The sex of both subspecies was determined by the darkness of the back, whereby females have a much darker gray back than males. Adult Amur Wagtails were easily identified from adult Black-backed Wagtails by the absence of a dark stripe through the eye (Lee et al. [@CIT0016]). In addition, adult Amur Wagtails have a pure white chin and throat, with black primary coverts and alula. In comparison, adult Black-backed Wagtails have eye-stripes and some white on the primary coverts and alula. We regarded intermediate phenotypes of eye-stripes and plumages as potential hybrids, such as when the eye-stripes did not show the full characteristics of one subspecies or the other ([Figure 2](#F0002){ref-type="fig"}). Figure 2.Breeding Wagtails in Ulleung Island (A) Black-backed Wagtail male, (B) Amur Wagtail male, (C) intermediate female.

Data collection {#S002-S2002}
---------------

Data were collected during the breeding season, from early April to early July, in 2012--2013. We monitored the nest success and breeding behavior of 33 breeding pairs with 37 nests, including four second nests during both study years. Photographs were taken of all pairs. Some individuals were also caught with mist and bow nets. We then banded captured birds with a standard aluminum band provided by the Korean National Institute of Biological Resources. Each bird was given a unique combination of one or two color bands for individual recognition. To find nests, we followed nest-building females, off-duty (foraging) females from incubation, and food delivering parents. The nests were checked every second day to determine clutch size, incubation period, nest fate, and changes to habitat components. We recorded the nest location, nest size (outer minimum width, maximum length, and height of all nests), egg weight (g), egg length, and width with a caliper to the nearest 0.1 mm. The initiation of egg-laying was determined by back-dating one day per egg from the clutch completion date, and by back-dating 15 days from the dates of egg-hatching.

To estimate reproductive success, we divided the breeding pairs into three: monotypic (consisting of a single subspecies), heterotypic (consisting of mixed subspecies), and intermediate pairs (consisting of at least one hybrid), and used the data from both years because there were no differences in clutch sizes (Mann--Whitney U test: *U* = 136, *N1* = 14, *N2* = 23, *p* \> 0.05) and the breeding cycles were similar between the two years. We used egg hatching success (the proportion of eggs that hatched), fledging success (the proportion of hatched chicks that fledged), and nest success (the proportion of all clutches with eggs that fledged at least one chick). Observations started in a randomly chosen order of nests, from early in the morning (sunrise) to 12:00 and for 5 h before sunset. For observations, 10 × binoculars (Nikon, Monarch) and a 20--60 × spotting scope (Swarovski, ATS-80) were used.

Data analysis {#S002-S2003}
-------------

We tested the data for significant deviations from normality before using parametric statistical tests (One-sample Kolmogorov--Smirnov test, *p* \< 0.05). If the data did not meet the assumption of normality, then we used non-parametric tests. Kruskall-Wallis tests were performed to find differences among the three groups for clutch size, while one-way ANOVAs were used to detect differences in egg size and mass. To detect patterns in mating frequency observed in the pairing events between the two subspecies, we performed a cross tabulation analysis and Chi-square test. Data were analyzed using SPSS Statistics software package (v. 21, IBM Corporation). *α* = 0.05 was used to test the significance of the results. Numerical data are presented as mean ± SD.

Results {#S003}
=======

Pair formation {#S003-S2001}
--------------

We documented a total of 33 breeding pairs of wagtails (12 pairs in 2012; 21 pairs in 2013) over the two survey years, of which we captured and banded 25 individuals (11 individuals in 2012; 14 individuals in 2013). We classified the birds based on their morphological characteristics ([Table 1](#T0001){ref-type="table"}). Most breeding individuals (67%) on the island were Amur Wagtails, while 26% were Black-backed Wagtails and 7% were intermediates (*n* = 66). Almost half of the pairs (52%) were monotypic (16 Amur Wagtails, 1 Black-backed Wagtail), while 11 pairs (33.3%) were heterotypic and five pairs (15.2%) were intermediate. Of note, the intermediates were all females that mated with a single male Amur wagtail and four male Black-backed Wagtails. There was a marginally significant difference in proportions of females that paired with different types of males (*X*^2^ = 6.014, *df* = 2, *p* = 0.049): the females of both subspecies were more likely to pair with Amur wagtail males, while intermediate females were more likely to pair with Black-backed Wagtail males. Table 1.Cross-tabulation for the frequencies of pairing events of wagtails in 2012--2013. Female of pairTotalMale of pairAFBFHFAM165122BM61411Total226533AM; Amur wagtail male (*Motacilla alba leucopsis*), BM; Black-backed Wagtail male (*Motacilla alba lugens*), AF; Amur Wagtail female, BF; Black-backed Wagtail female, HF; intermediate female.

Nests and eggs {#S003-S2002}
--------------

We located 14 nests of 12 pairs in 2012 and 23 nests of 21 pairs in 2013, all of which included two second clutches. Nests were initiated in April, with the first eggs being laid on April 7 and April 9 in 2012 and 2013, respectively. The last eggs were laid on May 26 and June 15 in 2012 and 2013, respectively. Second clutches were initiated on June 8 and May 24 in 2012 and 2013, respectively. There were clear differences in the timing of clutch initiation among the three groups of pairs (monotypic, and heterotypic, and intermediate). More monotypic pairs started laying eggs earlier than heterotypic (*n* = 11, mean 4.2 days later) and intermediate (*n* = 5, mean 15.2 days later) pairs during the two breeding seasons. In particular, intermediate pairs first bred after mid-May ([Figure 3](#F0003){ref-type="fig"}). Figure 3.Frequency of Wagtail pairs according to clutch initiation by monotypic, heterotypic, and intermediate pairs on Ulleung Island in 2012--2013.

The most common clutch size was five eggs (4.76 ± 1.05, range 2--6, *n* = 37). The mean clutch size of intermediate pairs was lower than that of the other groups, but there were no significant differences among the three groups (Kruskall-Wallis test: *X*^2 ^= 0.079, *df *= 2, *p* \> 0.05, [Table 2](#T0002){ref-type="table"}). Egg width, length and mass were measured from 62 eggs in 12 clutches in both years ([Table 3](#T0003){ref-type="table"}). There were no significant differences among the three groups for these three characteristics. However, the means of all three measurements were lowest for the eggs of intermediate pairs. Table 2.Comparison of breeding parameters for pure Amur wagtail (*Motacilla alba leucopsis*) and Black-backed Wagtail (*Motacilla alba lugens*) pairs (monotypic), mixed pairs (heterotypic), and hybrid pairs (intermediate) in 2012--2013.PairNest no.Clutch sizeNo. of eggs hatchedHatching success (%)No. of FledglingsFledging success (%)Nest success (%)Monotypic204.74.494.63.988.690.0Heterotypic124.84.184.54.1100.083.3Intermediate54.63.678.33.6100.080.0Total374.84.289.13.9893.586.5Table 3.Comparison of egg size and mass for pure Amur wagtail (*Motacilla alba leucopsis*) and Black-backed Wagtail (*Motacilla alba lugens*) pairs (monotypic), mixed pairs (heterotypic), and hybrid pairs (intermediate) in 2012--2013.PairNo. egg (nest)Width (mm)Length (mm)Weight (g)Monotypic30 (6)15.14 ± 0.4420.22 ± 0.712.36 ± 0.23Heterotypic21 (4)15.24 ± 0.9220.65 ± 0.812.46 ± 0.23Intermediate11 (2)14.99 ± 0.3220.08 ± 0.462.31 ± 0.20Total62 (12)15.15 ± 0.6220.34 ± 0.742.38 ± 0.23

Only females built nests and incubated eggs, while males defended territories and fed females during the breeding period. Nests were mainly located in the retaining walls along the streams (59.4%; 22/37), and a few nests were located on coastline rock cliffs (8.1%; 3/37), stone wall and clay wall located near village (18.9%; 7/37), holes or crevices in tree, stones, or under the ground (13.5%; 5/37; [Table 4](#T0004){ref-type="table"}). The average height of the 37 nests above ground level was 2.8 m (±1.6 m) and the average distance to the nearest water line from the nests was 29.8 m (±39.8 m). The overall dimensions of the nests (*n* = 27) were measured: outside nest widths and lengths averaged 12.5 cm (±2.7) × 16.8 cm (±6.7); and the heights were 16.5 cm (±7.0). Both sexes fed nestlings. The mean duration of the incubation period between laying the first egg and hatching was 14.7 (±1.10) days (range 13--17, *n* = 25). Nestlings fledged 14--15 days after hatching (14.9 ± 0.35, *n* = 8). Table 4.Nest location and breeding success of wagtails on Ulleung Island, Korea, in 2012--2013.Nest location20122013TotalBreeding success (%)Stream retaining wall9132281.8Coastline rock cliffs033100Village stone or clay wall34785.7Holes or crevices in trees or stones123100Total14233786.5

Reproductive performance {#S003-S2003}
------------------------

Overall, the means of hatching success, fledging success, and nest success ranged from 86.5% to 93.5% ([Table 2](#T0002){ref-type="table"}). Intermediate pairs had the lowest percentages for all measurements (clutch size, mean number of eggs hatched, and fledglings per nest, hatching and nest success), except fledging success, while monotypic pairs had the highest percentages for hatching and nest success. Predation was the main cause of nest failures. Fourteen eggs and six chicks from four nests were preyed upon over the two years. One monotypic pairs and one intermediate pair lost one nest each, while heterotypic pairs lost two nests. Five eggs from one nest of a monotypic pair were abandoned and four chicks from three nests of monotypic pairs were found dead in the nests.

Discussion {#S004}
==========

Wagtail breeding biology on Ulleung Island {#S004-S2001}
------------------------------------------

Overall, the breeding phenology of Amur Wagtails and Black-backed Wagtails on Ulleung Island differed to that of other birds in the coastal area of southern Ussuriland, Russia, and inland Honshu, Japan, areas. Egg-laying on this island was almost one month earlier than that documented in southern Ussuriland and similar to (or slightly earlier than) Honshu. For instance, in both years, the pure Amur wagtail pairs and heterotypic pairs laid eggs on April 7--9 and April 10--25, respectively, on Ulleung Island ([Figure 3](#F0003){ref-type="fig"}). In comparison, for Black-backed Wagtails first laid eggs on May 8 in southern Ussuriland (Panov [@CIT0025]) and April 27 on Honshu (Higuchi and Hirano [@CIT0013]; Nakamura et al. [@CIT0019]), and on May 22 for the heterotypic pairs in southern Ussuriland (Nazarenko [@CIT0020]).

The early egg laying dates on Ulleung Island might influence larger clutch size (Hendricks [@CIT0012]). The mean clutch size was 4.8 eggs (95% CI = 4.4--5.1) from 37 nests on this island, which was larger than that in southern Ussuriland (4 eggs; Panov [@CIT0025]) and south Kuril Island, Russia, for Black-backed Wagtails (4.3 eggs; Nechaev [@CIT0021]). In addition, mean egg size and mass on this island were lower than that observed in the other areas. For instance, these parameters were 15.2 (95% CI = 15.0--15.3) × 20.3 mm (95% CI = 20.2--20.5) with 2.38 g (95% CI = 2.33--2.44) for all 62 eggs of 12 nests on Ulleung Island ([Table 3](#T0003){ref-type="table"}), but were 16.4 × 22.8with 3.28 g (5 eggs) on Honshu (Nakamura et al. [@CIT0019]) and 15.9 × 21.5 (20 eggs) with 2.92 g on north Kuril Island for Black-backed Wagtails (Dement'ev and Gladkov [@CIT0007]).

As for reproductive success, nest success (86.5%) on Ulleung Island was higher than that on Honshu, which documented 20% (1/5) and 70.6% (12/17) at two sites over a three-year period (Higuchi and Hirano [@CIT0013]; Nakamura et al. [@CIT0019]). These values were even lower than those obtained for the intermediate pairs (80.0%) on Ulleung Island. Hatching success and fledging success of White Wagtails in Central Finland were 80.9% and 77.0% respectively, which were also lower than those in this island (Leinonen [@CIT0017]). The main cause of nest failures was predation on Ulleung Island (10.8%, 4/37), but it did not severely affect nest success when compared with the success of inland birds. The island can provide isolation from avian nest predators (i.e. snakes and mammals), reducing the risk of predation (Fontaine and Martin [@CIT0008]; Ocampo and Londoňo [@CIT0022]). In addition, human beings as well as predation were main causes of nest failure in a population of Central Finland (Leinonen [@CIT0017]). Thus, our results on the early egg-laying dates, larger clutch size, and higher nest success with low predation risk indicate the benefits to wagtails of breeding on the isolated island of Ulleung compared with other areas.

Wagtail hybridization and fitness {#S004-S2002}
---------------------------------

Our data demonstrate Black-backed Wagtails suffer more from hybridization than Amur Wagtails. The latter species was more abundant than the former species on Ulleung Island. Furthermore, there were more pure pairs of Amur Wagtails than Black-backed Wagtails. Black-backed Wagtails tended to pair more frequently with intermediate females. Similarly, another study showed that the rarer pied flycatcher (*Ficedula hypoleuca*) was also more involved in hybridization than the more common collared flycatcher (*F. albicollis*, Sætre et al. [@CIT0031]; Veen et al. [@CIT0039]). The authors suggested that this pattern reflected the relative frequency of available individuals when they search for mates with time constraints (Real [@CIT0029]). However, for the two subspecies of Xantus's Murrelets (*Synthliborahus hypoleucus scrippsi,* and *S. h. hypoleucus*), there were no differences in the timing of breeding among monotypic, heterotypic, and intermediate pairs. Furthermore, there was no clear evidence of the rarer subspecies (*S. h. hypoleucus)* being more involved in heterotypic pairs than the more common species (*S. h. scrippsi*, Wolf et al. [@CIT0040]).

The timing of breeding might play a role in the level of hybridization detected in this study. The observed males that first arrived on Ulleung Island were mainly the Amur Wagtails, with the Black-backed Wagtails arriving as the breeding seasons progressed. The first clutch of a pure Amur wagtail pair was 21 days earlier than that of a pure Black-backed Wagtail pair in 2012. There was no Black-backed Wagtail pair in 2013. The first egg-laying dates of heterotypic pairs occurred three day later compared to monotypic pairs in 2012 (with an average 4.2 day gap in both years). The clutch initiation pattern of the breeding pairs indicates that mixed pairing occurs whenever both species are available at the time of mating, and that late attempts to mate by late arriving Black-backed Wagtails tend to be hybridized. In addition, the presence of a high proportion of heterotypic or intermediate pairs and their viable offspring suggest no reproductive barrier exists between the two subspecies. In particular, the lower successful reproductive performance of the intermediate pairs also suggests selection against hybrids is progressing. Breeding pairs with intermediate males were not observed in either study year, while intermediate females paired much later than other females. Thus, there might be issues with the courtship behavior of males (Mayr [@CIT0018]; Alatalo et al. [@CIT0001]).

When comparing reproductive performance the clutch size, and egg size and mass of intermediate pairs were smaller on average than those of monotypic and heterotypic pairs ([Table 3](#T0003){ref-type="table"}). In addition, both hatching success and nest success were lowest in intermediate pairs. Although not statistically significant, the observed differences in reproductive performance might imply that intermediate pairs had lower fitness than either monotypic or heterotypic pairs. Similarly, less fit hybrids were reported between two flycatcher species, the Pied Flycatcher (*Ficedula hypoleuca*) and Collared Flycatcher (*F. albicollis*). In this study fewer flycatcher eggs hatched in pairs involving a hybrid mate than in pure or heterotypic pairs. In particular, pairs with a female hybrid were more likely to have infertile eggs than pairs with a male hybrid (Sætre et al. [@CIT0031]). The gender specific tendency to be sterile is known as Haldane's rule (Haldane [@CIT0011]), with females being the heterogametic sex in the current study. However, it was not possible to assess this phenomenon in this study, due to the lack of pairs with a male hybrid. For two subspecies of Xantus's Murrelets, pairs with a hybrid mate showed mixed results with respect to hatching success (100% \[1/1\] for two intermediate pairs and 25% \[1/4\] for one member of a pair). Thus, more data are needed to obtain objective information on hybrid fitness. Our results again indicate the presence of a potential isolating mechanism. However, unlike our results, a longitudinal study of Darwin's finches (*Geospiza* spp.) showed fitness was higher in hybrids than in pure species (Grant and Grant [@CIT0010]).

Taxonomic status {#S004-S2003}
----------------

Extensive variation in the White Wagtail complex has received the focus of many ornithologists regarding the taxonomic concept (Phillimore and Owens [@CIT0028]; Semenov et al. [@CIT0033]; Semenov et al. [@CIT0032]). Even though there remains controversy on the taxonomic status of the species, because of the unclear identification of distinct phylogenetics from the other subspecies complex (Pavlova et al. [@CIT0027]), the wagtails of the two subspecies on Ulleung Island might be located within the same species level as subspecies. This is because: (1) interbreeding between the two subspecies is common (about 50% of heterotypic and intermediate pairs); (2) hybrids are viable and fertile; and (3) geographical distribution barriers remain between the two subspecies (Alström et al. [@CIT0002]). However, positive assortative mating exists, with generally lower reproductive success in intermediate pairs. These results imply that some post isolating mechanisms are in progress. In conclusion, additional long-term studies on the ecology, behavior, and molecular systematics of wagtails are required to confirm this relationship.
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